I. ASYMMETRIC COUPLING TO THE ELECTRODES
To investigate the dependence of the rectification ratio on the coupling to the left (Γ L ) and right (Γ R ) electrode, both parameters were varied, as shown in Fig. S. 1. In the main text, Γ L,R were set to 100 meV. However, the plot shows that the rectification ratio can be significantly increased by having a weaker electronic coupling to the electrodes. More, introducing an asymmetry in the coupling can also slightly improve the diode performance. 
II. FIT PROCEDURE
In the following, a detailed description of the fitting routines is provided.
A. Symmetric case
To obtain the parameters for α 1,2 , τ 1,2 and 1,2 , the eigenvalues of the 4-site model were fitted to the values of the energy of the HOMO until HOMO-3 for different bias voltages.
This was done using the following routine
• For a rough estimate of 1,2 and τ 1,2 , the mean-squared error (MSE) between the zerobias 4-site eigenvalues and the zero-bias DFT eigenvalues was calculated for a large range of 1,2 and τ 1,2 and the minimum MSE determined.
• To increase the resolution in 1,2 and τ 1,2 , the value obtained from the MSE minimum from the previous step was inserted in an unconstrained nonlinear optimization routine (fminsearch in Matlab).
• The values of α 1,2 were obtained by fitting the eigenvalues of the 4-site model to DFT calculations at finite bias, using the same unconstrained nonlinear optimization routine. The values of 1,2 and τ 1,2 are fixed at the values obtained in the previous step.
B. Asymmetric case
In the asymmetric case, the number of parameters increases from 6 to 11. As mentioned in the main text, for this reason, a different fit procedure was used.
• First, we create two symmetric molecules, one from the left side of the molecule, and one from the right side. These symmetric molecules are fitted as described in the section above.
• Based on the symmetric fits, an initial guesses for α 1,2,3,4 , τ 1,2,3 and 1,2,3,4 is obtained.
• While keeping all parameters fixed, each parameters is fitted individually using an unconstrained nonlinear optimization routine, in the following order 1 , 2 , 3 , 4 , τ 1 ,
• This fitting routine for the individual parameters is repeated 100 times resulting in 1100 individual routines in which every time only 1 parameter is fitted.
III. CONSTRUCTION OF LMO'S
Here, we would like to elaborate a bit further on the distinction between molecular orbitals (MOs) versus localized molecular orbitals (LMOs). Generally speaking, DFT calculations provide the energy and shape of the MOs, corresponding to the eigenvalues and eigenvectors of the Hamiltonian of the entire molecule, respectively. Moreover, the MOs (Φ) are linear combinations of all basis functions (Ψ), in our case a set of atomic orbitals with dimension M , of which the coefficients are given by the eigenvectors. Hence, the wave function of each MO with index m = 1, .., M is given by
with C DF T being the matrix containing all eigenvectors. The same holds for the N-site model, with as difference that the basis functions are now the individual sites with n = 1, .., N , yielding
In our approach, the N MOs (Φ is equal to C model n and one can therefore rewrite Eq. 1 as
The wave functions Φ
DF T p
are obtained from DFT, and using the fitted two-site model parameters, one can compute C model and solve Eq. 3 to obtain the wave function of the LMOs (Ψ
DF T i
). Table I show the rectification ratio (RR), operating voltage and maximum current (I max ) for combinations of substituents yielding a current larger than 1e-2 a.u., and a rectification ratio larger than 300'000. 
IV. TWO-SITE MODEL
∆ = (αeV ) 2 + 2αeV ( 1 − 2 ) + ( 1 − 2 ) 2 + (2τ ) 2 .(4)
VII. ADDITIONAL DIODES

